The Heterodyne Instrument for the Far-Infrared (HIFI) is a single skygixel, high-resolution (>300.000), spectrometer for ESA's Herschel Space Observatory. The instrument is designed to provide a wide and continuous frequency coverage witb velocity resolved resolution and high sensitivity. This will allow detailed investigations of a wide variety of astronomical sources, ranging from solar systm objects, star formation regions to nuclei of galaxies. The frequency bands cover many emission and absorption lines of molecules, like H20, and atomic and ionic lines, like CII, NIL The instrument comprises 5 frequency bands covering 480-150 GHz with SIS mixers and a sixth dual band for the GHz range witb Hot Electron Bolometer Mixers. The bcal Oscillator (LO) subsystem consists of a &band synthesiser folfowed by 14 chains of frequency multipliers, 2 for each frequency band. Each frequency band has two mixers operating on orthogonal polarisations. All mixers are designed to have noise performance close to the quantum noise limit. One frequency band is operated at a time. Modular design of the Focal Plane Unit, with a common optical path for all the mixer bands, and of the Local Oscillator Unit with a common LO Source Unit for all the LO chains, make the instrument very compact. A pair of AutKorrelators and a pair of AcoustcQtic spectrometers process the two IF signals from the dualpolarisation front-ends and provide instantaneous frequency coverage of 4 GHz, resulting in a set of resolutions (140 KHz to I MHz), better than < 0.1 W s . The instrument development is in an advanced state with mixers and LO chains approaching aimed performance.
Introduction
The proposed Heterodyne Insmunent for the Far-Infrared Space Observatory, Herschel, has been opdmised to address a number of astronomical key questions which require all high spectral resolving powers and sensitivity. By combining the hi& spectral resolving power of the radio heterodyne technique with near quantum-noise limited detection from superconductor physics and the stateof-the-art in mimwave techology, it is now possible to develop an instrument with the following capabilities:
-Continuous frequency coverage f" 480 to 1250GHz in five bands, while a dual sixth band will provide coverage for Resolving powers up to IO' (300 -0.03 km/s) Detection sensitivity close to the theoretical quantum noise limit. Both polarisations of the astronomical signal will be received for maximum sensitivity. HIFI consists therefore of five major subsystems: 1. The focal-plane sub-system comprises the focal-plane unit (FPU) inside the cryostat. It contains relay optics, mixers, low- A high-resolution spectrometer (HRS) [2] consists of a pair of autworrelator spectrometers and will provide two combinations of bandwidth and resolution: I GHz bandwidth at 250 kHz resolution, and at least 500MHz at 140 kHz resolution. The HRS will be divided into 4 snb-bands, each of which can be placed anywhere within the full 4GHz IF band. It is located in the SVM.
5. An instrument control unit (ICU) within the SVM interprets commands From the satellite tele-command system, controls the operation of the instrument, and r e m s science and housekeeping data to the satellite telemeuy system.
The HIFI Signal Chain
The mixers are located in Mixer Assemblies (MA). There will be 7 MA's, each covering a certain frequency range witb two mixers, only one MA will operate at any time. The pair of mixers in individual MA5 will operate at orthogonal polarisation. The MA's contain mechanical supports, mixers, The optical input to an MA consists of a signal beam and a LO beam. In the MA box the signal beam will be split into 2 polarisations for the 2 mixers. The LO beam will also be split into 2 beams with suitable linear polarisation to be coupled to the mixers. The combining of the signal and LO beams will be done by a beam-splitter for, at least, the two lowest frequency bands, and by tuneable diplexers in the higher bands where less LO power is available.
All SIS mixers will have an IF centre frequency of 6 GHz and a bandwidth of 4 GHz, while the HEB mixers will have IF band of 2.4-4.8 GHz. Mer the second stage of amplification, separate signal lines go to both sets of spectrometers. 
The Local Oscillator
The LO block diagram is given in figure 4 together with the multiplication scheme [3] . The mixer frequency bands are covered by two chains in the corresponding LOAs. The tuning ranges are achieved with a broadband high-power mm-wave source a varactor frequency multiplier chain. The demonstrated outputpowers are sometimes over 400 mW in the 15-100 GHz frequency range. Planar Schottky diodes are used for all the stages of the v m t o r multiplier chains [4] . This improved considerably the reproducibility, needed for a satellite project, the high power-handling capability and the wide bandwidth. 
Expected Performances:
The HlFl expected performances are in table 2 Far the calculation of the limits we assumed integration times of one hour for 5 s results Table 2 . Expectedperfo-ce l i 8s for one hour intemtion (5s). using B resolution ofR=lO'.
